The eustatic sea-level rise due to global warming is predicted to reach approximately 18 -59 cm by the year 2100, which necessitates the identification and protection of sensitive sections of coastline. In this study, the classification of the southern coast of the Gulf of Corinth according to the sensitivity to the anticipated future sealevel rise is attempted by applying the Coastal Sensitivity Index (CSI), with variable ranges specifically modified for the coastal environment of Greece, utilizing GIS technology. The studied coastline has a length of 148 km and is oriented along the WNW-ESE direction. CSI calculation involves the relation of the following physical variables, associated with the sensitivity to long-term sea-level rise, in a quantifiable manner: geomorphology, coastal slope, relative sea-level rise rate, shoreline erosion or accretion rate, mean tidal range and mean wave height. For each variable, a relative risk value is assigned according to the potential magnitude of its contribution to physical changes on the coast as the sea-level rises. Every section of the coastline is assigned a risk ranking based on each variable, and the CSI is calculated as the square root of the product of the ranked variables divided by the total number of variables. Subsequently, a CSI map is produced for the studied coastline. This map showed that an extensive length of the coast (57.0 km, corresponding to 38.7% of the entire coastline) is characterized as highly and very highly sensitive primarily due to the low topography, the presence of erosionsusceptible geological formations and landforms and fast relative sea-level rise rates. Areas of high and very high CSI values host socio-economically important land uses and activities.
Introduction
The global average temperature has increased over the past century. Although the global warming in the previous century was estimated to be 0.8
• C, the rise in temperature in the last thirty years alone was 0.6
• C at a rate of 0.2
• C per decade as greenhouse gases became the dominant climate forcing [1] .
Perhaps the most commonly recognized impact of global warming is the eustatic rise in sea-level due to the thermal expansion of seawater and the addition of ice-melt water [2] . Recent evidence has indicated large-scale ice melt in the major ice repositories of the world. For instance, the Greenland ice is melting at a rate of 239±23 km3 per year [3] , and the extent of Arctic sea ice has been decreasing at almost 8% per decade since the middle of the last century [4] , while the most alarming evidence is the widespread loss of ice in West Antarctica [5] , which contributes approximately 0.36 mm/yr to global sea-level rise [6] .
The exact rates of present and future global sea-level rise are uncertain. Climate models predict a future global sealevel rise of 0.25 -0.5 m by the year 2100. For several carbon emission scenarios, this value is more than double compared with the sea-level rise rate for the 20th century. Global sea-level rise estimates from the TOPEX/Poseidon and Jason-1 satellite altimeters suggest that sea-level rise rates since 1993 may be near 3 mm/yr [7, 8] , which resembles predicted sea-level rise acceleration estimates for the 21st century published by the Intergovernmental Panel on Climate Change [9] . The IPCC report of 2007 predicted that global sea-level will rise at least 59 cm by 2100, whereas a recent pessimistic estimation based on a new model allowing accurate reconstruction of sea-levels over the past 2,000 years suggests that the melting of glaciers, the disappearance of ice sheets and warming water could lift the sea-level by as much as 1.5 m by the end of this century [10] .
In the Mediterranean Sea, coastal sea-level derived from the longest tide gauges indicates a rate of sea-level rise of 1.1 -1.3 mm/yr for the 20th century [11] . For the period 1960-1990, negative sea-level trends were observed due to an increase in the average atmospheric pressure over the basin [12] , and a fast sea-level rise was observed in the late 1990s [13] . Although decadal sea-level changes in the Mediterranean Sea are partly due to global signals, the local atmospheric and steric variability have dominated both the global trends and the decadal variability [14] . The sea-level trend for the period between 1944 and 1989 observed in Alexandria (Egypt), at the only long term gauge station in the Eastern Mediterranean, is 1.9±0.2 mm/yr and is higher than the other stations in the basin [14] . The value would be expected to be even higher if the 1990s were covered because the enhanced sea-level rise was higher in the Eastern Mediterranean than in the rest of the basin.
The potential impacts of future sea-level rise include coastal erosion, frequent and intensified cyclonic activity and associated storm surge flooding that may affect the coastal zones, saltwater intrusion into groundwater aquifers, the inundation of ecologically significant wetlands, and threats to cultural and historical resources, as well as to infrastructure [15] [16] [17] .
Recent projections of global sea-level rise due to climate change have generated an interest in coastal science to determine the response of coastlines to sea-level change. Various approaches have been proposed to predict the evolution of the coastal zone under the influence of anticipated sea-level rise. Each approach has its shortcomings or can be invalid for certain applications. The most important among these methodologies include the extrapolation of historical data (predominantly concerning the shifting of the shoreline), the application of static inundation models or simple geometric models such as the Bruun's rule [18] , the application of sediment dynamics models and probabilistic simulation based on parameterized physical forcing variables [19] . Although a viable and completely quantitative prediction of the coastal response to long-term sea-level rise is not available, the relative susceptibility of different coastal environments to sealevel rise may be quantified by considering information regarding the important variables that contribute to coastal evolution in a given area. Several of these variables are coastal geomorphology and slope, shoreline shifting, rate of sea-level rise and other related factors. These physical characteristics of the coastal system have been used in several sensitivity analysis approaches to classify the coast, producing a ranking of sections of shoreline according to susceptibility to relative sea-level rise.
Thus, an index that is based on physical variables, such as coastal landforms, geology, relief, shoreline displacement, relative sea-level change, tide range and wave height, has been used to assess the sensitivity of coasts in the USA, Europe, Brazil, India and Argentina [16, [19] [20] [21] [22] . A similar formula, referred to as a sensitivity index, was used by Shaw et al. [23] along the Canadian coast while Catto, in an attempt to study the coastal erosion of the island of Newfoundland, proposed two separate indices: a newly developed Coastal Erosion Index (CEI) for the assessment of the sensitivity to short-term erosion and a Coastal Sensitivity Index for the assessment of longer term coastal erosion and susceptibility to sea-level rise [24] . Nageswara Rao et al. [22] proposed a coastal index by integrating the differentially weighted rank values for five of the abovementioned variables, including geomorphology, coastal slope, shoreline change, spring-tide range and significant wave height. Several studies considered additional parameters for estimating coastal sensitivity. For instance, Abuodha and Woodroffe [25] introduced an index with two more physical variables concerning barrier type and shoreline exposure to assess the susceptibility of southern Australia to sea-level rise. The authors also used two variables instead of one to express the geomorphology variable, taking into account coastal landforms and rock types. Boruff et al. [26] used physical risk indicators along with a quantitatively derived social vulnerability index (SoVI; incorporating population and demographic data, variables relevant to economic activities, etc.) for the comparative spatial assessment of human-induced vulnerability to coastal hazards in US coastal counties.
The aim of this paper is to apply a Coastal Sensitivity Index proposing new ranges for sensitivity ranking of the involved variables taking into consideration the coastal environment of Greece. Furthermore, among the main purposes of this study is to classify the shoreline along the southern coast of the Gulf of Corinth (Central Greece) with respect to its sensitivity to anticipated long-term sealevel rise through the calculation of the Coastal Sensitivity Index (CSI), similar to the formula proposed by Thieler and Hammar-Klose [19] that modified the initial index produced by Gornitz et al. [27] . Identifying sections of shoreline susceptible to long-term sea-level rise is necessary for more effective coastal zone management, to increase resilience, and to help reduce the impacts of climate change on both infrastructure and human beings.
Previous research concerning potential impacts of future sea-level rise on the Greek coastal zone include the work of Gaki-Papanastassiou et al. [28] , which investigated the implications of the expected sea-level rise for the coasts of continental Greece. The authors estimated the potentially inundated low-lying coastal areas, delineating land below the 50 cm contour line, and concluded that the inundated areas of the deltaic plains, which will be lost by the year 2100, will comprise, on average, 13.16% of the total delta area. Similar CVI calculation approaches have already been applied in Greece for the coasts of Porto Heli and Ermioni [29] , at the scale of the Aegean coast [30, 31] , for the W/NW coast of Attica [32] and for the coast of Argolikos Gulf [33] . In a study of the western Peloponnese, Doukakis [34] used digitized maps at a 1:5,000 scale to examine those sections of the coast that appeared to have high sensitivity.
In this study, the term sensitivity (which means susceptibility) is used rather than vulnerability because the latter term generally refers to human vulnerability to particular hazards and therefore requires a consideration of socioeconomic factors such as population, infrastructure, social cohesion, etc. The index applied in this study is named the Coastal Vulnerability Index (CVI) by Thieler and HammarKlose [19] , who originally proposed it to characterize the susceptibility of the US coasts to sea-level rise. Although the index applied here involves the same parameters as the CVI approach of Thieler and Hammar-Klose the term sensitivity is used instead of vulnerability because it assesses only the physical aspects of the coast and not socioeconomic variables.
Study area
The Gulf of Corinth is a 'back arc' elongated graben, formed by normal faulting associated with an approximately N-S crustal extension. The gulf is a bathymetrically restricted marine embayment, with a nearly 105 km longitudinal axis lying in the E-W direction (Fig. 1) . The embayment has an average width of approximately 320 km, whilst water depths are in excess of 900 m in the central section. To the west, the gulf is linked with the Gulf of Patras through the narrow and shallow silled Rion Straits The study area shoreline lies on the southern coast of the Gulf of Corinth, extending for 148 km from Cape Rio (RioAntirio straits) in the west to Corinth Canal in the east, and is oriented along the WNW-ESE direction (Fig. 1) . Most of the coast consists of unconsolidated alluvial deposits (mainly pebbles, cobbles, gravels and coarse sand), whereas only a small section between Psathopyrgos and Lampiri comprises steep marine cliffs composed of relatively difficult-to-erode rocks (limestones and conglomerates). The coastal zone comprises a series of approximately forty coastal alluvial fans of Late Holocene age, formed by streams and torrents that drain the mountainous northern Peloponnese. The western coastal alluvial fans (west of Lampiri) are smaller and steeper (except for the Volineos River fan). The eastern portion of the coast (between Corinth Canal and Xylokastro) consists of an extensive coastal plain backed by a series of ten uplifted marine terraces ranging in elevation from 10 to 400 m, which correspond to the Late Pleistocene oxygen-isotope stages of high sea-level stands [35] . The Corinth rift is one of the most active neotectonic features of the Eastern Mediterranean. The southern side of the Gulf, where the study area is located, is affected by the North dipping active normal faults of Psathopyrgos, Aigion, Eliki and Xylokastro (Fig. 1) . Some segments of the investigated coastline are uplifting as they lie on the hanging walls of these active faults while others are subsiding because they are located in the footwalls of the faults.
The general climatic conditions of the study area are typical of the temperate Mediterranean. The mean annual precipitation ranges from 800 mm near the coastline to more than 1,200 mm in the southernmost highlands. Rain is unevenly distributed between the cold and the hot period of the year, with most falling during the winter months. The mean annual temperature fluctuates between 15 and 17
The submarine bathymetry of the Gulf of Corinth consists of the continental shelf, the continental slope, the continental rise, and the abyssal plain [36] . The southern continental shelf is narrow (<1 km) and relatively steep (4 -8
, with the shelf break occurring at a water depth of approximately 100 m. In contrast, the northern continental shelf slopes gently (1 -2
•
) and extends into the central part of the gulf to water depths of approximately 200 m. The southern slope is narrow (1.5 -2.5 km) and steep (14 -18 • ), whereas the northern slope varies at between 3 and 7 km in width with a gradient of 5 -7
• [37] . In the north, the continental rise is narrower (1 -2.5 km) and steeper (2 -5 • ) than in the south, where the width ranges between 1 and 5.5 km and the slope gradients are 1 -3
• . The southern characteristics are the result of coalescing submarine fans, which extend offshore from the steep southern continental slope to the abyssal plain. Finally, the abyssal plain occupies the middle section of the central basin at water depths >800 m. The plain is essentially a flat area with gradients of <0.5
The Gulf can be characterized as a microtidal environment with an average mean tidal range of 0.15 m [38] . The surface water circulation is dominated by the funneling of both wind and water through the narrow Rion Straights where mean surface current velocities can exceed 100 cm/s [39] . More specifically, the wind climate is characterized by the presence of a high bi-modal pattern, with E and WSW winds dominating. Wave climate is primarily wind driven with offshore mean significant wave heights averaging <0.3 m.
North Peloponnese has been selected as a case study area for the application of the CSI predominantly due to the low-lying morphology of the coastal zone, the intense tectonic activity which leads to relative sea-level changes variations along the shoreline, and the prevailing land use types. The national road that connects Athens with Patras, the third largest city in Greece, extends along the shoreline of the study area and numerous cities and settlements are located along the coast, such as Corinth, Kiato, Xylokastro, Diakopto and Aigio, (from east to west). The main economic activities are agriculture, commerce and tourism; consequently, there is an increase in urbanization along the coast [40] .
Methodology and data collection
As previously mentioned, the CSI estimated in this study is a modification of the Coastal Vulnerability Index proposed by Thieler and Hammar-Klose [19] , which modified the initial index produced by Gornitz et al. [27] . This index allows six variables to be related in a quantifiable manner to express the relative sensitivity of the coast to physical changes due to future sea-level rise. The CSI is calculated as the square root of the product of six variables divided by their total number (six). The variables are ranked from 1 to 5 according to Table 1 , with a rank of 1 indicating very low sensitivity and a rank of 5 indicating very high sensitivity. The ranges of sensitivity ranking, at least for some of the variables, are designed specifically for the coastal environment of Greece by taking into consideration the maximum and minimum values of the given variable. The six variables are classified into two groups:
• Geological or structural variables, and
• Physical variables.
The geological variables include geomorphology, coastal slope and historic shoreline change. The physical variables include relative sea-level rise rate, mean tidal range and mean significant wave height.
where : geomorphology, : coastal slope, : shoreline erosion/accretion rate, : relative sea-level rise rate, : mean tide range and : mean significant wave height. Categorization of geomorphology classes in this study was undertaken using recent orthorectified aerial photographs (taken in 2009) and detailed (at the scale of 1:5,000) fieldwork (geomorphological mapping). Because this variable also represents the bedrock outcropping along the shoreline, data for the rock types were interpreted from geological maps of the area at a scale of 1:50,000 published by the Greek Institute of Geology and Mineral Exploration.
To estimate the coastal slope value (in percentage), a slope map of the coastal zone was created with the use of the detailed 1:5,000 topographic map of the study area.
With this map as the main elevation source, a Digital Elevation Model (DEM) of the coastal zone was created for the coastal strip with an elevation from 0 to 200 m. Next, for this zone, the slope map was implemented within the ArcGIS spatial analysis extension environment, and the map of slope zones (according to Table 1 ) was implemented. Finally, for the assignment of the proper slope categorization to each coastline segment, the intersection of slope zones with the coastline was performed.
Shoreline erosion or accretion rates were derived using remote sensing data. Shoreline change has been calculated from orthorectified aerial photographs taken in 1945 and 2009 that were obtained from the Hellenic Cadastre (Ktimatologio S.A.). The photomosaic of these photographs was manipulated within the GIS environment to digitize the shorelines of 1945 and 2009. These thematic layers (in vector format) of the 1945 and 2009 shorelines were overlaid, and with the use of GIS-based distance analysis functions, the final shoreline change map for the 64-year time period was obtained with estimated accretion and erosion rates.
The variable of relative sea-level change is the combination of the global eustatic sea-level rise and the local isostatic and/or tectonic land movements. For this study relative sea-level change is the sum of the eustatism component and the local vertical land movements caused both by active faulting and natural compaction of unconsolidated sediments. Published information concerning the recent slip rates of the four major active coastal normal faults was considered. Furthermore, studies regarding land subsidence caused mainly by natural compaction of alluvial sediments of the Mornos River delta, located at the opposite coast of the Gulf, were used [41] .
The tidal range was deduced from published information [38] . The mean annual values of significant wave height were abstracted from the Wave and Wind Atlas of the Hellenic Seas [42] , which is based on offshore measurements for the period between 1999 and 2007 (POS-EIDON program).
To obtain a preliminary assessment of the impacts of anticipated sea-level rise on the socio-economic activities, land cover of the coastal zone was identified utilizing the relevant map of the Corine 2000 Land Cover Program (Table 2) . Twelve land cover categories were recognized, including continuous urban fabric, discontinuous urban fabric, industrial or commercial units, road and rail networks and associated land, vineyards, fruit trees and berry plantations, olive groves, complex cultivation patterns, land principally occupied by agriculture, coniferous forests, transitional woodlands -shrubs, and beaches and sand plains. Land cover classes were compared with areas with high CSI values, which represent the highly and very highly sensitive segments of the shoreline.
GIS software ArcGIS (ver. 9.3), provided the platform for the coastal mapping and the calculation of the CSI. For each variable, the entire coastline of the study area is segmented into five sensitivity classes, and a sensitivity rank number is assigned to each segment of the coast (indicating the sensitivity level in terms of the given variable). The method of computing the CSI in the present study is similar to that applied by Pendleton et al., [43] Thieller and Hammar-Klose [19] and Abuodha and Woodroffe [25] . The difference is that instead of the "raster" approach, input parameters and final CSI values were estimated in coastline segments. The size of each segment was 50 m. This modified approach seems appropriate for medium scale.
To display the results of the index derived from integration of the variables, a template of segments was derived for the coast. The segment-based template was used to store and present data for each of the variables in an attribute table (in vector format using shape-files in Arc-GIS) for adjacent segments along the coast. As mentioned above, for each of the six variables, a ranking on a scale of 1 -5 was assigned to each segment (with rank 1 representing very low sensitivity and rank 5 indicating very high sensitivity) following the classification scheme outlined in Table 1 . The final CSI map was generated by combining all of the variables and by aggregate neighbor coastline segments with the same CSI value contains 836 segments of the coastline, each of which has a unique identity in its corresponding attribute table. Another field was added to this attribute table for the CSI formula so that the system generated the CSI values for all of the coastline segments of the north Peloponnese. The combined CSI value was added as an attribute value for each coastline segment. Subsequently, the "natural breaks" classification method was used to categorize coastline segments according to their CSI magnitude for the construction of the final CSI zonation maps.
Results

CSI variables and their ranking
As previously mentioned, CSI parameters can be divided into geological or structural variables (which include geomorphology, shoreline change rate and coastal slope) and physical process variables (which are relative sea-level rise, tidal range and significant wave height). The geological variables describe the physical characteristics of a coast and account for the relative erosion resistance of a shoreline, its susceptibility to flooding and long-term erosion/accretion trend. Physical process variables contribute to inundation hazards of a particular section of the coastline over timescales from hours to centuries. All of these parameters include both qualitative and quantitative information. Depending upon the nature of each variable, the entire coast of north Peloponnese is segmented and assigned vulnerability ranks ranging from 1 to 5 (1: very low, 2: low, 3: moderate, 4: high and 5: very high sensitivity) as follows.
Geological -Structural variables
The geomorphology variable is non-numerical and expresses the relative response of different types of coastal landforms to sea-level rise [33] . Geomorphology also considers the relative resistance of various geological formations occurring at the shoreline to marine erosion processes. Thus, geomorphology is ranked qualitatively according to the relative strength of the coastal landforms and rocks [22] outcropping along the northern coast of the Peloponnese. The predominant coastal landforms in the study area (ranging from very high to very low vulnerability) identified during the field coastal geomorphological mapping were coarse sandy to gravelly beaches, which developed mainly at the aprons of coastal alluvial cones and fan deltas, and marine cliffs composed of various rock types, such as marls, conglomerates, and limestones (Fig. 2) . The different landforms recognized and mapped were classified as shown in the table of Figure 3 . Beaches are composed of unconsolidated sediments directly exposed to sea waves and swells and are sensitive to the effects of natural marine processes and to relative sea-level rise. Consequently, beaches are given a rank of 5 (very high sensitivity). Beaches developed along coastal plains and the aprons of coastal alluvial fans are the most common landforms along the north shoreline of Peloponnese, occupying a total length of 111.4 km, which corresponds to 75.6 % of the total coastline, followed by limestones and artificially armored coasts (24.9 km -16.4 %), marine cliffs composed of Pleistocene marls (4.6 km, which is 3.1 % of the coastline), Plio-Pleistocene deposits (4.2 km -2.9 %), and conglomerates (3.6 km -2.4 %) (Figs. 2, 3) . Cliffs of weaker lithologies (marls, Plio-Pleistocene deposits) or medium elevations were assigned sensitivity ranks of 4 and 3, respectively, whereas higher cliffs made of stronger lithologies (conglomerates and limestones) offer maximum resistance and were classed with a rank of 2 and 1, respectively. Notably, the artificially protected segments of the North Peloponnese shoreline have a length of 20.89 km, which corresponds to 14% of the total coastline length, and were considered in this model to be composed of a particularly resistant to erosion rock type (rank 1).
Determination of the regional coastal slope identifies the relative sensitivity of inundation and the potential rapidity of shoreline retreat because low-sloping coastal regions are thought to retreat faster than steeper regions [44] . The ranges for sensitivity ranking of the coastal slope variable are the same as those used in other similar studies around the world [19, 45] . Regions with coastal slopes lower than 3% were characterized with very high sensitivity, whereas coastal cliffs with slopes higher than 12% were classified as areas of very low sensitivity ( Table 1 ). The 68.7% of the study coastal zone (which corresponds to 101.2 km) that lies between Aigio and the Corinth Canal is low-lying and is characterized as very highly susceptible to inundation (Fig. 4) . Low-lying coast is occupied by beaches developed along the fronts of alluvial fans and fan deltas. Nearly 7.7% of the western portion of the north coast of the Peloponnese (11.5 km) exhibits a slope of between 3 and 6% and is considered to be highly sensitive, whereas 6.4 km (4.4 %) of the coastal zone is of moderate sensitivity, having a slope between 6% and 9%. A section of the west coast of the study area (1.5 km -1.0% and 27.1 km -18.4%), between Psathopyrgos and Lampiri, is classified as having low and very low sensitivity due to the presence of relatively steep (with a slope between 9% and 12%) and very steep (slope >12%) rocky cliffs, respectively (Fig. 4) . The artificially armored segments of the coast are considered as having a very steep slope.
The shoreline change variable attempts to capture the historical trend of shoreline movement by determining overall patterns of erosion or accretion. Shoreline change is one of the more complex variables because the trend is typically variable over time [45] . The ranking of the shoreline change rate is based on the range of change in beach width values. In Greece the most distinctive coastline changes concern beach zones of low lying coastal plains (mainly river deltas) and are associated with the progradation of active river mouths or the retreat of abandoned channels [46] . Extremely high mean erosion rates up to more than 20 m/yr are very rare and characterize certain deltaic locations such as the Acheloos river delta. These extreme retreat rates are associated with human interference including dam constructions, stream flow diversion, etc. Usually erosion rates in deltaic and low-lying coastal plains are less than 2 m/yr. By contrast, active river mouths appear to be areas of rapid accretion with progradation rates up to more than 4 m/yr [47] . In beaches that are not near large river deltas retreat rates range from 0.5 to 1 m/yr [48] . On the basis of the above considerations, new ranges of sensitivity ranking for the variable of coastline shifting were proposed for the Greek coasts ( Table 1) . The north coast of the Peloponnese experienced shoreline change rates from −1 m/yr of erosion (moderate sensitivity) to +2 mm/yr of accretion (low sensitivity) between 1945 and 2009. A shoreline length of 123.6 km, which corresponds to 83.6% of the coastline, is relatively stable (mean shoreline shifting rate within ±0.5 m/yr), whereas 10.5 km (7.1%) of the coastline is retreating with a mean rate between −0 5 and −1 5 m/yr (Fig. 5) . 11.1 km (7.5%) of the shoreline has been prograded with a mean accretion rate between +0.5 and +1.5 for the period between 1945 and 2009, while a small percentage of the coastline (1.8% -2.7 km) is prograding significantly faster with a mean accretion rate higher than 1.5 m/yr. Accretion occurs at the mouth of the rivers due to increased sediment supply, especially during the rainy period of the year.
Physical process variables
Relative sea-level change is the result of global eustatic sea-level rise and local changes in land level. Local land level changes are the combination of tectonic uplift or subsidence due to the activation of the coastal active normal faults, which are located along the northern Peloponnese shoreline and the subsidence of alluvial coastal plains and fan deltas due to natural compaction of loose sediments.
The eustatic sea-level rise is considered to have the same value along the entire Gulf and took the value of 1.0 mm/yr based on estimations from studies relevant to eustatic sealevel rise in Greece [49] .
The coast of the study area is affected by four major active normal faults (Psathopyrgos, Aigion, Eliki and Xylokastro) (Fig. 1) . Parts of the coastline are uplifting because they lie on the footwall of these active faults while others are subsiding as they are located on the hanging wall of the faults. It is estimated that the recent average mean longterm uplift rate caused by the activation of the normal fault of Psathopyrgos is about 0.6 -0.8 mm/yr [50] . Hence a negative mean relative sea-level change of −0 7 was considered for the segments of the coastline that lie on the footwall of this fault while a positive change (+0.7) was assumed for the subsiding coast. The 12 km long Ai- gion fault and its offshore extension dictates the coastal geomorphology of the broader Aigion area. Study of a trench excavated across the fault led to the estimation of a minimum slip rate of 1.9 -2.7 mm/yr, which corresponds to a mean uplift rate of 1.4 mm/yr [51] . Through coastal geomorphic and biological indicators, an average Late Holocene coastal uplift ranging between 1.6 and 1.9 mm/yr [52] was estimated. The Eliki fault has a length of 40 km and is located further east. Palaeoseismological trenching and fault colluvial tectonostratigraphy indicate a slip rate on the fault over the past 2000 years of about 1.5 mm/year [53] . It has been proven that the entire alluvial plain of the fan deltas of Kerinitis and Vouraikos Rivers, which lay on the hanging wall of the eastern segment of the Eliki fault, has subsided at a rate of 1.4 mm/yr, resulting in the burial of the Late Hellenistic-Roman occupation horizons under 3 m of fluvial sediments [53, 54] . Consequently for the segments of the coastline which lie on the uplifting part of the faults of Aigion and Eliki a negative mean relative sea-level change of −1 4 was assumed, while a positive long-term relative sea-level rise (of +1.4 mm/yr) was assumed for the subsiding coast.
The eastern coast of the study area is affected by the Xylokastro fault, which according to Armijo et al. [35] has caused an uplift of the footwall with a mean rate of 1.3 mm/yr. On the basis of the above, for the part of the coastline that is close to the fault a mean relative sealevel change rate of + or −1 3 mm/yr due to tectonics is considered, while this rate becomes + or −0 3 mm/yr for the easternmost segment of the coast (between Kiato and the Corinth Canal) which is far from the fault trace (Fig. 1) .
Regarding ground subsidence due to sediment compaction, a recent publication for the Mornos River delta, which is located at the opposite coast of the Gulf, was considered [41] . The application of the Persistent Scatterers Interferometry (PSI) technique for the period between 1992 and 2009 yielded mean subsidence rates for the Mornos delta ranging between 0.5 and 4.5 mm/yr, presumably caused by the natural compaction of deposits. Taking into consideration the fact that the coastal alluvial plains and fan deltas of the study area are smaller than the delta of the Mornos River, a subsidence rate of 2 mm/yr was assumed for the coastline along the aprons of the extensive coastal alluvial fans (Vouraikos, Selinous, Volineos etc) while for the shoreline of the smaller coastal plains a slightly lower subsidence rate (of 1.5 mm/yr) was considered.
Due to the lack of recent accurate sea-level measurements, the values for the variable of relative sea-level rise were estimated by coupling the effects of eustatism and local land level movements caused by tectonics and sediment compaction. The resulting relative sea-level rise trend for 30.5 km, which corresponds to 20.7% of the coastline, is higher than 3.4 mm/yr. These fast subsiding coastline segments are the fan delta shorelines of Volineos, Selinous, Kerinitis and Vouraikos streams, which are located at the hanging walls of the faults of Psathopyrgos, Aigion and Eliki. Hence, high sea-level rise rates can be attributed to the high slip rates of the faults as well as to the ground subsidence due to sediment compaction. Nearly 19.9% of the coastline shows slower sea-level rise rates and is classed with a rank of 3 (moderate sensitivity). Finally, 36.3% and 23.1% of the coastline have significantly slower rates (1.8 -2.5 mm/yr and <1.8 mm/yr) and are given a rank of 2 and 1, respectively. These coastline sections are composed of rocks or confined beach zones and lie at the footwalls of the faults.
Sea-level variation is due to the combined effects of astronomical and meteorological tides. In Greek waters, the astronomical tide is generally less than 10 cm. However, the overall fluctuation of sea-level exceeds 0.5 m due to meteorological forcing (differences in barometric pressure, wind and wave setup) [31] . Taking into account the tide range variations for the Greek seas which are generally less than 0.87 m [38] , the ranges for sensitivity ranking of the variable of tidal range are proposed ( Table 1 ).
The tidal range is linked to both inundation and erosion hazards [20] . In this study, tidal range is ranked such that extremely micro-tidal (tidal range <0.2 m) coasts are at low risk and less micro-tidal (tidal range >0.8 m) coasts are at high risk. The reasoning is that although a large tidal range dissipates wave energy, thereby limiting beach or cliff erosion to a brief period of high tide, it also delineates a broad zone of intertidal area which will be most susceptible to inundation following long-term sea-level rise [20] . Furthermore, the velocity of tidal currents depends partially on the tidal range. High tidal range is associated with stronger tidal currents, capable of eroding and transporting sediment. Therefore, macrotidal coasts will be more sensitive than those with lesser tide ranges [20] . The Gulf of Corinth is a microtidal region with tidal (astronomical) range <0.15 m [37] . As such, the tidal range variable is ranked according to Table 1 with the value 1 (very low sensitivity).
Wave heights are proportional to the square root of wave energy, which is a measure of the capacity for erosion. According to the wave and wind atlas of the Hellenic seas [42] mean annual significant wave heights for the Greek seas are less than 1.5 m. Hence, the ranges of sensitivity ranking for significant wave height are proposed for the Greek coasts ( Table 1 ).
The wave climate of the coastline is dominated by offshore significant wave heights <0.3 m [38] , according to the output of the wave model (POSEIDON program), which have been calibrated with the use of offshore field measurements (Fig. 7) . Hence, the entire north coastline of the Peloponnese is considered to have very low sensitivity (rank 1).
The CSI values
The CSI values alongside the south area range between 0.58 and 9.13. The median value of the index for the study area is 3.96, and the standard deviation is 2.17. CSI values above 6.2 are classified as having very high sensitivity. Nearly 44.9 km, corresponding to 30.5% of the total coastline length, was assigned to this category (Fig. 8) . The geographical distribution of the sensitivity of the north of the most extensive fan deltas along the western coast are characterized by very high levels of sensitivity, primarily due to the low regional coastal slope, the high sensitivity of the coastal landforms, the highly erodible lithology of the coastal zone and the high rates of relative sea-level rise. (Fig. 8) . The low and very low sensitivity categories are primarily located between Psathopyrgos and Lampiri as well as east of Diakopto and correspond to steep, relatively stable, coasts composed of hard rocks (conglomerates and limestones). Also, coastal sections characterized by tectonic uplift and which are located on the footwalls of the offshore extensions of the active normal faults of Psathopyrgos, Eliki ans Xylokastro exhibit low sensitivity.
In terms of the socio-economic impacts of the anticipated sea-level rise, most of the coastal urban areas (cities and settlements, as well as tourism activities and facilities) of the north Peloponnese are concentrated along the highly and very highly sensitive coastal segments. Some of these constructions and facilities are already artificially armored. Some 13.4 km along the shoreline (64.5% of the highly and very highly sensitive coast) contains continuous and discontinuous urban fabric, and industrial or commercial units (Table 2) . Additionally, a significant length of the highly and very highly sensitive coastal zone is occupied by agricultural land. Some 36.5 km, corresponding to 80.2% of the total very highly sensitive coastal plains' shoreline, host agricultural activities. Similarly, these agricultural uses extend for 6.3 km, representing 52.1% of the highly sensitive coast (Table 2 ). This finding is of high importance because the primary sector, and especially agricultural activity, plays a significant role in the socioeconomic development of the study area.
Conclusions
In this study, the relative sensitivity of the southern coast of the Gulf of Corinth to environmental changes due to the anticipated long-term rise in sea-level is assessed with the calculation of the CSI. Furthermore, new ranges of sensitivity rankings for some of the involved variables, such as those of shoreline change rate, tidal range and mean significant wave height, are proposed for the coastal environment of Greece. Calculated CSI values along the shoreline of the study area vary between 0.58 and 9.13.
All variables incorporated into the CSI assessment can be considered factors contributing to coastal change; however, some variables make a larger contribution to index variability than others. Of the six variables, geomorphology, regional coastal slope and relative sea-level rise rate introduce the greatest variability to the CSI values (Fig. 9 ). Among the other three parameters, shoreline change rate shows a small variation, while tidal range, and mean significant wave high have the same values along the entire coastline. Pendleton et al. [40] , who assessed coastal sensitivity in 22 U.S. National Parks, concluded that 99% of index variability can be explained by the variables of geomorphology, regional coastal slope, water level change rate and mean significant wave high, whereas tidal range, and historical shoreline change are not as important when the index is evaluated at large scales (thousands of km).
According to the criteria of coastal sensitivity, as defined in this study, an extensive segment of the north coast of the Peloponnese is of high (12.1 km) and very high (44.9 km) sensitivity. The sections of coast with high and very high CSI ratings include low gradient coasts under- lain by unconsolidated sediments, such as coastal plains, fan delta coastlines and the aprons of coastal alluvial fans and cones. These areas are most susceptible to both inundation and erosion. Fast rates of relative sea-level rise, caused by local processes like fault activity and sediment compaction, make these shoreline sections particularly susceptible to the anticipated sea-level rise. Very highly sensitive regions are the fan deltas of Volineos, Finix, Meganitas, Selinous, Kerinitis, and Vouraikos Streams. In contrast, the steep rocky coasts between Psathopyrgos and Lampiri as well as east of Diakopto present low and very low sensitivity. A significant length of the highly and very highly sensitive coastal zone (42.9 km) is occupied by economically important agricultural land, and 64.5% of the very highly sensitive coast hosts urban areas.
In most of the coastal sensitivity and/or vulnerability assessment studies for the estimation of CSI-CVI values, the coast was segmented into spatial grids. This type of segmentation may generalize the conditions of the CVI parameters to different degrees, depending predominantly on the size of the grid cells. In this study, the entire coastline is analyzed as a line feature with the use of GIS-based vector analysis procedures, which gives a more precise assessment of the sensitivity-vulnerability level of any point along the shoreline. Additionally, a segment-based template provides a visual representation, which may enable coastal planners and managers to appreciate the contrast between the most susceptible / vulnerable areas and the least susceptible / vulnerable areas within their study areas. This approach can assist in prioritizing efforts to enhance the natural resilience of the coast or assist in the formation or adaptation of policies.
This study provided a comprehensive detailed spatial GIS digital database of topographic, geological, and physiogeographical characteristics, as well as land cover information for 148 km of shoreline, which can be renewed and expanded further to incorporate newly available data (e.g., storm surge) and include new variables (e.g., sediment budget) in the future for better results of a modified CSI. Moreover, the integration of CSI physical variables with further social, cultural and economic factors may enable a broader assessment of the vulnerability of sections of the coast and the communities that live there.
